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Since histamine was found in mast cells by RILEY and WEST (1952) , the role of mast cells and histamine in anaphylactic reactions has been extensively studied, and mast cells have generally been considered histaminocytes. REITE (1965) measured histamine in 19 different species of animals from fishes to mammals and first proposed the absence of histamine in the mast cells of poikilothermal vertebrates including reptiles, chiefly by the chemical assay of histamine in the organs known to be rich in mast cells and in the whole body of the animals, and concluded that the mast cells of mammals and birds differ in their physiological functions from those of poikilothermal vertebrates.
ARVY (1956) recognized that mast cells of frogs proved to be negative to the mercury-nitrite test of HATEM, the method which was found effective for the detection of histamine in rat mast cells. He was, however, predisposed to the concept that the mast cells of frogs lack the free form of histamine, suggesting the possible presence of histamine in a conjugate form.
Independent of REITE and ARVY, in the course of our study on mast cells in the tongue of the frog, Rana catesbiana (FUJITA and TAKAYA, 1966; TAKAYA, FUJITA and ENDO, 1967) , we also came to doubt the presence of histamine in the mast cells of this animal.
Using Code's method of histamine extraction followed by bioassay with guinea pig ileum and the histochemical method for histamine with o-phthalaldehyde (JUHLIN and SHELLEY, 1966) , we were able to reveal that histamine was lacking in the mast cells of the frog, Rana catesbiana (TAKAYA, FUJITA and ENDO, 1967) , and later also in those of the newt, Triturus pyrrhogaster Boie (TAKAYA, 1968) . In a preliminary survey of several vertebrate species with the above methods we suggested that the association of histamine with mast cells might develop in the phylogenic stages of reptiles and birds.
The present paper deals with the results of our studies with special emphasis on the findings obtained in some species of reptiles and birds.
Materials and Methods
The animals used were 30 turtles (160-700g) (25 Clemmys japonica and 5 Amyda japonica), 15 hens (1.2-1.5kg, 4-5 months old), 5 chicks (450-500g, 40 days old, female), 5 pigeons (200-600g), 4 carp (Cyprinus carpio), 10 bullfrogs (Rana catesbiana, 250-600g), 10 newts (Triturus pyrrhogaster Boie, 2.3-3.5g) which were of both sexes except when indicated. The mesentery and skin of 5 rats (male, 140-170g) and the blood of one rabbit (2.0kg, female, 7 times within 24hr) were also examined as controls.
401
The histological survey of the mast cell distribution was done by fixing the organs of the above animals, mainly the tongue, muscle, intestine, liver, scales (fish) and comb (hens) in Bouin, Bouin-lead acetate (TAKAYA, 1966) , Carnoy, alcoholic formalin (9:1), and by embedding them in paraffin. Five micron sections were prepared and deparaffinized with xylene. Some sections were hydrated through alcoholic series down to distilled water. They were stained with: 1) Alcoholic thionin (0.1% in 80% alcohol) for 20min, washed twice in absolute alcohol, cleared in xylene and mounted on Canada balsam.
2) 0.1% toluidine blue in distilled water.
3) Dominici's method (ROMEIS, 1948) 4) Aluminum-toluidine blue (HEATH, 1960) . 5) Condensed aldehyde fuchsin (FUJITA and FUKUDA, 1965) for 20min without preoxidation, followed by GOLDNER's trichrome stain. Aldehyde fuchsin of GOMORI's recipe (GOMORI, 1950) was also used after permanganate oxidation. 6) 1% Astra blue (BLOOM and KELLY, 1960) . 7) Periodic acid Schiff method (MCMANUS, 1961) . The subcutaneous connective tissue, mesentery and scales (fish) were spread on slides, dried in air, fixed in the above fluids and treated thereafter in the same way as the sections. The fish mast cells were also observed by vital staining withe neutral red. Blood smears of all the animals were observed by conventional hematological methods and also by using the fixatives and stains used in the sections. The tissues both rich and poor in mast cells were selected from the above histological study to be processed for histamine assay.
Histamine extraction was performed by CODE's method (CODE and MCINTIRE, 1956 ). Use was made of the mesentery of the hen, pigeon, Clemmys japonica, Amyda japonica, frog and rat; the liver of the hen, pigeon, Clemmys japonica, frog and carp; the intestine of the hen, pigeon, Clemmys japonica, newt and rabbit; the comb of the hen; the tongue of the Clemmys japonica, frog and newt; the skin of the frog and rat; the adrenal of the frog; the air bladder, kidney, liver and scales of the carp; the thymus of the Clemmys japonica. The newt's heart, digestive tract and whole body exclusive of it were assayed for histamine. Homogenates of the tissues and blood ground with sea sand and 10 and 5% trichloracetic acid were filtered, and the filtrate was boiled for 2hr with conc. HCl on a sand bath and then evaporated on a water bath according to the method of CODE. The dried specimens were dissolved in physiological saline and adjusted to pH 7.2 to be assayed with guinea pig ileum (CODE and MCINTIRE, 1956) . Histamine was confirmed by the Neoantergan test. Contaminations which inhibit the contraction of the ileum by histamine were examined by mixing a known quantity of histamine in the extract.
The rest of the tissues used for the bioassay was fixed in Carnoy's fluid and the population of mast cells was checked histologically.
The histochemical study for histamine was conducted with the o-phthalaldehyde method (JUHLIN and SHELLEY, 1967; SHELLEY, OHMAN and PARNES, 1968) . A modification was applied in this study to the original test. Drops of 1% o-phthalaldhyde in p-xylene or ethylbenzene applied directly over the spreads and smears, followed by blotting with filter paper and mounting on tetrahydrofurfuryl alcohol, produced the histamine fluorescence in mast cells similar to that obtained by the original method. Blood of the hen, chick, pigeon. Clemmys japonica, frog, newt and rabbit and the spread preparations of mesentery and subcutaneous connective tissue of the hen, pigeon, Clemmys japonica, frog and rat were examined. Spreads of small pieces of newt hearts and frog tongues were also prepared. Observation was made under the fluorescence microscope, Leitz Orthoplan, with a built-in iris diaphragm (OBSOT), and Osram mercury lamp HBO 200W, BG 38 heat filter (4mm), UG 1 exciter filter (2mm) and one each of ultraviolet eyepiece absorbing filters (K 430 and green, 2.5mm). A dark field condensor was also used.
After taking photographs, the tetrahydrofurfuryl alcohol was removed from the spreads and smears by blotting with a filter paper; they were then fixed in Carnoy for 3hr, washed in absolute alcohol, stained in alcohol thionin for 20 min, differentiated in 80% alcohol, washed three times in absolute alcohol, cleared in xylene and mounted on Canada balsam.
Three Clemmys japonica were injected intraperitoneally with 100mg l-histidine (Katayama Chemicals, Ltd.) (2.5ml of 4% l-histidine in reptilian Ringer solution). After a week the mesentery was studied histochemically for histamine using ophthalaldehyde.
Results

A. Histological Survey of Mast Cell Distribution
The tissue mast cells had in general a large cytoplasm teeming with granules which almost covered the nucleus, although there was considerable variation in the concentration of cytoplasmic granules. Blood basophiles were about one fourth of the tissue mast cells in profile size and had coarse round granules not usually observable in mast cells.
Mast cell granules of the animals examined showed identical reactions to stains, i.e., tissue mast cells and blood basophiles exhibited distinct metachromasia in thionin and toluidine blue, stained positively in aldehyde fuchsin either with or without preoxidation, and in Astra blue, reacted weakly positive in the PAS method and were selectively demonstrated in aluminum-toluidine blue. These reactions correspond to those observed in the mature mast cell granules in mammals such as rats and mice (HEATH, 1960; BURTON, 1964; COMBS, LAGUNOFF and BENDITT, 1965) and indicate that mast cell granules contain acidic sulfated mucopolysaccharides.
Aqueous fixatives failed to preserve the granules of mast cells and basophiles of the Clemmys japonica, Amyda japonica, pigeon and carp. The mast cell granules of the frog and newt were relatively resistent to water treatment: some of the granules were preserved even after Zenker-formol fixation. The blood basophiles of all the animals examined seemed to be more fragile to water treatment than the tissue mast cells. Carnoy fixation turned out to be the most effective in preserving the granules of mast cells and basophiles in all the animals examined. The next most effective fixative was Bouin-lead acetate mixture, especially in the Clemmys japonica and Amyda japonica.
Birds
In hens relatively large numbers of tissue mast cells were found in the mesentery, comb and subcutaneous tissues as was reported in cockrels by HUNT and HUNT (1959) . The intestine, both propria mucosae and epithelium ( Fig. 1) , and comb were the most abundant in mast cells among the organs examined. The muscle and liver contained few mast cells except for blood basophiles. The basophiles in the blood counted 5% of the total leucocytes.
According to MAGATH and HIGGINS (1934) basophiles range from 0.5 to 1.4% of the total leucocytes in the chicken. Blood basophiles were about a fourth of the tissue mast cells in profile size and the cytoplasmic granules of the former coarser in size and smaller in number. The reactions of mast cell and basophile granules to the stains used were almost the same as in the turtles.
In the chicks the mast cells and basophiles showed almost the same distribution and stainability as those of the hen.
Pigeons also had the same distribution of mast cells in the comb, mesentery, subcutaneous tissues, intestine, muscle, liver, and blood, although their population in the tissues was by far smaller in comparison to those of hens and chicks. The count of basophiles in the pigeon blood was about 3% of the total leucocytes. MAGATH and HIGGINS (1934) gave the count of 4%.
In birds mast cells were accumulated along the sides of the blood vessels though some were found far from the vessels.
Reptiles
In Clemmys japonica the tongue contained a large number of mast cells beneath and in its mucous membrane (Fig. 2) . In the mesentery a relatively large number of mast cells were distributed at random and no such close association with the blood vessels as indicated in mammals and birds (Fig. 11, 15) was observed (Fig. 3) . The mesentery and tongue contained a relatively large number of blood basophiles within the vessels: the possible migration of blood basophiles and their transformation into tissue mast cells of matured form with finer granules described by MICHEL (1923) in the mesentery of the turtles could not be ascertained despite the clear difference in amount and size of granules in both types of cells. The thymus contained abundant mast cells accumulating in the periphery of the lobules (Fig. 4) . The size and shape of these cells and the character of the granules resembled those of blood basophiles though these were not present in the vessels of this organ. The liver, muscle and intestine practically lacked tissue mast cells whereas blood basophiles were observable within capillaries in appreciable numbers, as was already reported in the Clemmys leprosa and Testudo mauretanica by MICHEL (1923) . The blood contained abundant basophiles amounting to 60% of the leucocytes. This corresponds to the results of MICHEL (1923) who counted 60.5% in Chrysemys picta and 33% in Emys europea. The granules of the basophiles and mast cells tended to form vacuoles within each of which a small granule adhered to the membrane.
The vacuoles were also dispersed near the disrupted mast cells.
In Amyda japonica the mesentery contained a relatively small number of mast cells, about half that of Clemmys japonica. Mast cells were in no close association with blood vessels. Blood basophiles were also fewer than in the Clemmys japonica and amounted to about 12% of the total leucocytes. Within the capillaries of the mesentery basophiles were only rarely found.
Amphibians
As was already reported in the previous paper (TAKAYA, FUJITA and ENDO, 1967) , the frog, Rana catesbiana, exhibited abundant mast cells in the mesentery (Fig. 5) and tongue and few in the liver and adrenals.
The adrenals contained a large number of cells with toluidine blue metachromatic cytoplasmic granules and an eccentric disclike nucleus. This type of cell called "summer cell" or "Stilling cell" (Fig. 6 ) and known to contain acidophilic and PAS positive granules has been considered a derivative of the mast cell by some authors (see BACHMANN, 1954) .
In the tongue and heart of the newt, Triturus pyrrhogaster Boie, a large number of dendritic type mast cells were found beneath the mucous membrane and among muscle bundles respectively.
Relatively small numbers of dendritic type mast cells were seen under the mucous membrane of the intestine. The liver contained practically no mast cells of any type. The blood of the newt contained a number of basophiles, about 50% of the leucocytes as reported by OHUYE and OCHI (1954) . The mast cells of the frog and newt showed no close association with the blood vessels.
The mast cells and basophiles of these animals principally corresponded in stainability to those of turtles, hens and pigeons. 
Fishes
Although the preservation of mast cells was very difficult in the carp, Cyprinus carpio, by ordinary fixatives, vital staining in neutral red clearly showed the accumulation of mast cells in the spreads of the air bladder, scales (Fig. 7) and mesentery of the carp. They showed no intimate relation to blood vessels. They were also disclosed by Carnoy fixation and alcohol thionin stain. The mast cell granules were orthochromatic in toluidine blue in Bouin-lead acetate fixation but no conclusive results could be obtained by using other stains because of their poor preservation.
B. Histamine Content of the Tissues Table 1 shows the histamine content of various tissues together with the population of mast cells in the hen, pigeon, Clemmys japonica, Amyda japonica and carp. The values for the tissues of the newt, frog, rabbit and rat are also included for comparison, some of which were reported previously (TAKAYA, FUJITA and ENDO, 1967; TAKAYA 1968) . The histamine content of several tissues rich in mast cells of some species is shown in Figure 8 and that of the blood in several species in Figure 9 . The values of histamine in various tissues of the hen obtained in the present study were by far lower than in the reports by MISRAHY (1946) and BEAUMARIAGE and LECONTE (1956) . Histamine values in the small intestine, liver and red muscle of the values given by these authors from ours is probably due partly to the difference in the method employed and the strains examined.
As is seen in Table 1 the high value of histamine in the intestine and comb can be adequately correlated with the rich number of mast cells in these organs in addition to the non-mast cell histamine in the former. A considerable, though much lower, amount of histamine detected in the liver and muscle which were lacking in mast cells is probably due to the contamination of materials with histamine-like activity because Neoantergan suppressed only 60-70% of the contraction in the guinea pig ileum induced by the extract.
The blood contained much histamine, comparable to concluded that mast cells and blood basophiles of the hen contain histamine. Although only one pigeon was examined, the histamine value in both the organs and blood indicated that there was histamine both in the mast cells and blood basophiles. The occurrence of histamine in these cells of the hen and pigeon was also confirmed by histamine histochemistry with o-phthalaldehyde (vide infra).
Reptiles
In Clemmys japonica the blood containing abundant basophiles as mentioned above showed about 50 times more histamine than in newt blood. The value was almost comparable to that of rabbit blood which contains about 9% basophiles among , 1936) . The tongue contained much histamine and also a large number of tissue mast cells and basophiles. It was peculiar to this species that the histamine values were not essentially different among the liver, intestine and mesentery. The liver and intestine of turtles had only basophiles while the mesentery contained a large number of tissue mast cells besides the blood basophiles within the capilaries. The blood basophiles of the Clemmys japonica, if one accepts that they contain a considerable amount of histamine, may account for the histamine values counted in these tissues. It seems then as if tissue mast cells contained either none or only a trace of histamine as was the case in amphibia and fishes. Although the tongue of the turtle contained about 2-3 times as much histamine as both organs mentioned above, this hypothesis could not be denied if one takes into account that the tongue is especially rich in blood. Histamine content of mast cells of Clemmys japonica will be further treated in the histochemistry for histamine with o-phthalaldehyde. In Amyda japonica the mesentery contained as much histamine as in Clemmys japonica, while the blood showed about one fourth the histamine as found in Clemmys japonica and about 12% basophiles among the leucocytes. Blood basophiles of the Amyda japonica appear to contain histamine but it is inconclusive whether the tissue mast cells of this animal contain histamine. Figure 11 is shown after removal of tetrahydrofurfuryl alcohol, fixation in Carnoy and staining in alcohol thionin for 20min. Mast cells were selectively disclosed.
Amphibia
In both the frog and newt a very small amount of histamine, identified as such by the Neoantergan test, was revealed in several organs both rich and poor in mast cells. When a known quantity of histamine was added in the specimen extracted from the frog liver, the contraction of the guinea pig ileum induced by the extract was about 20-30% less than that expected, which indicated contamination of the inhibiting substances in the extract. On the contrary, very little inhibiting substances were revealed in the extracts from the tongue, mesentery and adrenals of this animal. Frog adrenals showed as low a histamine value as the mast cell free liver. Mast cells of the newt and frog as well as the summer cells of the frog adrenals, therefore, are considered to lack histamine, as was partly reported previously (TAKAYA, FUJITA and ENDO, 1967; TAKAYA, 1968) . Newt blood which has many basophiles, about 50% of its leucocytes, gave only a trace value of histamine.
Fishes
Histamine content of the carp, Cyprinus carpio, was almost nil in the scales, kidney, testis and air bladder, some of which contained a large number of mast cells.
C. Histochemistry for Histamine with o-Phthaladehyde
In the rat mesentery and subcutaneous connective tissues a large number of fluorescent cells were revealed and were identified as mast cells after Carnoy fixation and thionin staining as was described by JUHLIN and SHELLEY (1967) (Fig. 10, 11) . Likewise, basophiles and platelets in the blood smear of the rabbit were also revealed with this method. The use of o-phthalaldehyde in ethylbenzene gave better results in specificity of inducing histamine fluorescence than that in p-xylene.
Birds
Yellow fluorescent cells were abundantly observed in the spreads of subcutaneous connective tissues and the mesentery of hens by the method with o-phthalaldehyde (Fig. 12, 15 ). Abundant cells with the same fluorescence were also revealed in the blood smear of the hen (Fig. 13 ). They were identified as blood basophiles and thrombocytes as well as other types of cells which are to be elucidated in the same spreads restained with thionin. The fluorescent cells found in the preparations of the mesentery and subcutaneous tissues were identified as tissue mast cells (Fig. 14, 15) . A corresponding result was obtained also in the mesentery spreads of the chick, though the fluorescence in chick mast cells faded more rapidly than in the hen probably due to a lower value of histamine contained in the individual mast cells. In pigeon subcutaneous tissues mast cells were clearly recognized by their typical yellow fluorescence in o-phthalaldehyde.
It also disappeared readily after ultraviolet light exposure, again suggesting a low content of histamine in the individual mast cells. This view may be supported by the observation of the present author on the rapidly disappearing fluorescence in guinea pig mast cells in contrast to the long preservation of the fluorescence in rat mast cells which are known to contain more histamine than the former.
Reptiles
In Clemmys japonica blood basophiles in smears fluoresced after the o-phthalaldehyde treatment and were confirmed with thionin stain (Fig. 16, 17) . Some of the granules were round and compact, while others were vesicles with a spot adhering to the vesicle membrane both of which fluoresced with o-phthalaldehyde method. Outside the capillariies in the mesentery spreads of the Clemmys japonica, tissue mast cells showed vesicular cytoplasm emitting an orange yellow fluorescence which was so faint that they were scarcely recognizable.
With Carnoy fixation and thionin stain of the same spread, the yellow fluorescent cells in the capillaries and the vesicular cells The fluorescence of both outside the capillaries were identified as blood basophiles and tissue mast cells respectively. In normal Clemmys japonica the number of the fluorescent tissue mast cells turned out, by restaining procedure, to be smaller than that of the tissue mast cells stained in thionin. On the other hand, those corresponding to blood basophiles were almost as many as the whole blood basophiles recognized in the thionin staining. Cells with whitish yellow fluorescence were also revealed in the mesentery treated with ophthalaldehyde and they were not autofluorescent cells. The nature of these cells is not known.
The mesentery of l-histidine injected Clemmys japonica showed an increase in the number of cells with yellow fluorescence, typical of histamine, and in the intensity of the fluorescence of these cells (Fig. 18, 19 ). This probably indicates that the mast cells of the Clemmys japonica, though some contain only indetectable amounts of histamine, have the ability to synthesize it from l-histidine.
Fishes
In the spread preparations of the carp scales, recognized as representative organs rich in mast cells (MICHEL, 1923; ARVY, 1955) and also confirmed as such in the present study, no fluorescent cells which could be identified as mast cells were found.
In all the species examined the autofluorescent cells were recognized in various Figure 15 is shown after removal of terahydrofurfuryl alcohol, fixa-numbers and identified by omitting o-phthalaldehyde in the procedure; or observing the spreads and smears on a saline mount without treatment. REITE (1965) who measured the histamine content of tissues in a variety of animal species did not scrutinize the mast cell population in individual tissues used for histamine assay, although the variations in the mast cell population in different animals even within the same species had long been known (MICHEL, 1923) . REITE examined the histamine content of only a few representative tissues such as the blood and mesentery of each animal. He used mainly the chemical method of histamine assay which affords a simple and rapid estimation but is inferior in specificity to bioassay. From his results REITE deducted that the histamine rich mast cells of birds and mammals were different in physiological functions from the histamine poor mast cells of lower vertebrates inclusive of reptiles. HUNT and HUNT (1959) supposed the absence of histamine in tissue mast cells of cockrels on the basis of the lack of response to intravenous administration of a histamine liberator, compound 48/80. REITE (1965) reported a high histamine content in the avian skin and concluded that the avian mast cells are rather similar to those of mammals in histamine content and physiological functions. The present results clearly indicated the presence of histamine both in the mast cells and blood basophiles of birds: hens, chicks and pigeons.
Discussion
As for reptiles, HATAI, HASHIMOTO and UBUKATA (1962) isolated blood basophiles of the Clemmys japonica from which they assayed a "high amount of histamine" although no figurative value was given. Neither did they mention the histamine content of tissue mast cells in this animal. REITE (1965) investigated 4 species of reptiles, including the tortoise, and detected only a small amount of histamine. He thus considered reptilian mast cells more akin to those of fishes and amphibians. The present bioassay and histochemical study revealed a high amount of histamine in the blood basophiles of turtles, comparable to that of rabbit basophiles. It was also indicated that the tissue mast cells of Clemmys japonica contain histamine in various amounts and they are able to synthesize histamine from l-histidine.
Although the bioassay results of the tissues of Clemmys japonica and Amyda japonica were inconclusive about the presence of histamine in mast cells, fluorescent cells, small in number, could be identified in the mesentery and subcutaneous tissues of normal Clemmys japonica. No fluorescent mast cells could be found in the mesentery of Amyda japonica but a further study is needed as only one specimen was examined. Attempts to replace the blood of Clemmys japonica with reptilian Ringer solution in order to make the organs free of blood basophiles so that the histamine in the tissue mast cells and in the blood basophiles could be analysed differentially proved unsuccessful; in all the specimens examined capillary blood persisted even after long perfusion with the Ringer solution. Further studies are also required to elucidate the histamine synthesis in the mast cells of turtles by observing the augumentation of o-phthalaldehyde fluorescence of mast cells after l-histidine administration and the bioassay confirmation of the histamine content.
It is apparent from the present study that the mast cells and basophiles of turtles and birds as well as the thrombocytes of birds contain histamine and that the As KAHLSON and ROSENGREN (1968) indicated, little attention has been paid to the blood basophiles which were found also to contain histamine by many authors. The species examined, however, were restricted to man and several mammals such as dog and rabbit. Presence of histamine in the blood basophiles of reptiles and its absence in those of the newt shown in this study suggest the close smimilarity of the blood basophiles to tissue mast cells concerning the appearance of histamine in their granules in phylogeny, although the meaning of the histamine content of the other blood cells such as thrombocytes are unknown. BURTON (1964) histochemically studied the postnatal development of rat mast cells. In conjunction with the animal's development he found an increase in the number of cells with granules stained red in toluidine blue. In immature animals predominating were the cells with granules, stained blue in Alcian blue-safranin combination, PAS positive and orthochromatic in toluidine blue. The change in the stainability of mast cell granules, especially in the PAS method, was explained by the fact that heparin in the granules was converted from the less-sulfated form. By combining various histochemical methods with the bromaniline test for histamine (LAGUNOFF, PHILLIPS and BENDITT, 1960) , COMBS, LAGUNOFF and BENDITT (1965) showed that histamine appeared after the maturation of rat mast cells, i.e. after the granules became PAS negative, and stained red in Alcian blue-safranin and metachromatic in toluidine blue. Although conclusive results could not be obtained in the present study with Alcian blue-safranin stain, because the fixation in 10% formalin did not preserve the mast cell granules of birds and lower vertebrates, toluidine blue metachromasia and a negative reaction in the PAS method recognized in the specimens fixed in Carnoy and Bouin-lead acetate indicated that mast cells in the adult lower vertebrates and birds rather resembled those of the mature form of rat mast cells. The theory that ontogeny recapitulates phylogeny is valid as far as that the appearance of histamine in mast cells is phylogenetically as well as ontogenetically retarded to the formation of their granules but it appears inapplicable to such a detail as the relationship between the change in chemical nature of mucopolysaccharides in the granules and the appearance of histamine in them.
Summary
Various animals from fish to mammals, especially the carp (Cyprinus carpio), turtles (Clemmys japonica and Amyda japonica) and birds (hens, chicks and pigeons) were studied with special reference to the phylogenic relation between mast cells and histamine.
Histamine assay (histamine extraction with Code's method and bioassay with guinea pig ileum) in different tissues was combined with a histological study on their mast cell population, and histamine histochemistry with o-phthalaldehyde in p-xylene or ethylbenzene was performed on the spreads and smears. Figure 18 is shown after removal of tetrahydrofurfuryl alcohol, fixation in Carnoy and staining in alcohol thionin. The mast cells were filled with the granules Bioassay revealed an appreciable amount of histamine in tissues rich in mast cells and in the blood of the hen, chick and pigeon, the mast cells, basophiles, thrombocytes and other unknown types of cell distinctly fluoresced with the o-phthalaldehyde method.
The blood of the turtles was shown by bioassay to contain a considerable amount of histamine and their blood basophiles exhibited distinct yellow fluorescence. Though the result of the histamine bioassay of turtle tissues was equivocal and only a few mast cells fluoresced, the injection of l-histidine in Clemmys japonica caused an increase in the number of fluorescent mast cells and an increase in the intensity of their fluorescence, suggesting an ability of mast cells to synthesize histamine.
Several tissues of the carp contained only a trace of histamine and the mast cells did not fluoresce. Taking into consideration the similar results in the frog (TAKAYA, FUJITA and ENDO, 1967) and newt (TAKAYA, 1968) , it is likely that histamine firstly appears in mast cells at the level of reptiles in phylogeny. The amount of histamine in mast cells and basophiles gradually increases in reptiles, birds and mammals.
Several histochemical tests for mucopolysaccharides in the granules of mast cells and basophiles showed that the mast cells of all the animals examined, except for the carp whose mast cells were hardly preserved, contained acidic sulfated mucopolysaccharides. The solbuility of the granules in water varied conspicuously from species to species.
